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and leaf area are sampled at intervals ranging from days to weeks to quantify effects of environ-
mental inﬂuences or to analyze genotypic differences between crop cultivars. To study the impact
of reduced dose of chemical fertilizer and its combination with biofertilizer, compost and growth
retardant on morpho-physiological traits of mustard ﬁeld experiments were conducted during win-
ter season of 2006, 2007 and 2008 with mustard (Brassica campestris cv. B9) at Burdwan, West
Bengal, India. In 2006, seven available varieties of mustard were cultivated using a recommended
dose of chemical fertilizer (N:P:K – 100:50:50). In the second and third years, inﬂuence of six dif-
ferent combined doses of chemical and biofertilizers; growth regulator cycocel (CCC) and compost
on morpho-physiological traits viz., leaf area index (LAI), leaf area duration (LAD), leaf area
ratio (LAR), crop growth rate (CGR), net assimilation rate (NAR) and harvest index (HI) of mus-
tard and the ﬁeld data were analyzed statistically by using PROC GLM of SAS (SAS Institute,
1997). Differential varietal response was reﬂected for the studied traits during varietal trial. The
combined treatment of biofertilizer, chemical fertilizer and compost signiﬁcantly (P< 0.05)
increased the LAI, LAD, CGR and NAR and reduced LAR during crop maturity. The HI
index value showed signiﬁcant variation among the varieties as well as between the treatments422559255.
.in (A. Banerjee).
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90 A. Banerjee et al.of biofertilizer, chemical fertilizer and compost. Growth regulator application signiﬁcantly
(P< 0.05) reduced LAI, LAR, NAR and increased LAD, CGR at crop maturity and it can be
concluded from our ﬁndings that reduced dose of chemical fertilizer and its combination with bio-
fertilizer + compost + growth regulator have pronounced effect on crop morpho-physiological
attributes under less environmental pollution with lesser use of nitrogenous and phosphatic chem-
ical fertilizer.
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Oil seed groups being next to food crops hold sizable share of
India’s gross cropped area (13%). India is the third largest
producer of oil seeds in the world. It accounts for 19% of
world’s area and 9% of the global production (Sinha,
2003). Mustard (Brassica campestris) is an important oil seed
crop, next to sunﬂower. Mustard seed has 30–45% protein
content with a high nutritive value. It is a Rabi crop that re-
quires relatively cool temperature, a fair supply of soil mois-
ture during the growing season and a dry harvest period
(Banerjee et al., 2010).
Chemical fertilizers have contributed signiﬁcantly toward
the pollution of water, air and soil. So the current trend is
to explore the possibility of supplementing chemical fertiliz-
ers with organic ones that are ecofriendly and cost-effective.
The use of biological nitrogen ﬁxation by living nitrogen ﬁx-
ers will help minimize use of chemical nitrogen fertilizer and
to improve plant growth to decrease the production cost and
environmental risk (Aly et al., 1999; El-Hawary et al., 2002).
Bacterial fertilization of non-legume crops by nitrogen ﬁxing
bacteria has assumed great importance in recent years.
Total crop dry matter is the spatial and temporal integra-
tion of all plant processes and, therefore, crop dry matter is
the most relevant parameter in the study of crop canopies.
Rate of dry matter accumulation varies across the life cycle
of a crop and dry matter and leaf area are sampled at intervals
ranging from days to weeks to quantify effects of environmen-
tal inﬂuences or to analyze genotypic differences between crop
cultivars. Field experiments conducted during winter season
1999–2000 by Sinha et al. (2000) showed that irrigation inﬂu-
enced leaf area index (LAI), total dry matter accumulation,
and crop growth rate (CGR). Different levels of nitrogen sig-
niﬁcantly inﬂuenced LAI, total dry matter accumulation,
CGR, but plant height was not signiﬁcantly inﬂuenced by
the different levels of nitrogen application. Under irrigated
conditions, maximum growth was obtained with the applica-
tion of 90 kg N ha1, whereas under rainfed conditions,
growth was maximum at 60 kg N ha1. Abo-El-Goud (2000)
reported that root fresh and dry weights, foliage fresh and
dry weights as well as LAI of tomato signiﬁcantly responded
to biofertilizer treatments. El-Zeiny et al. (2001) found biofer-
tilization to be a biological technique for reducing the dose of
mineral fertilizer.
Growth retardants are chemical compounds that are able to
change crop architecture, leading to better crop yield. Foliar
application of cycocel in mustard increased the yield attributes
and seed yield up to 50% (Saini et al., 1987).
The difﬁculty to measure plant productivity accurately
and precisely is probably the greatest challenge to improvethe efﬁciency of production in agriculture, irrespective of
whether it involves traditional plant breeding, biotechnology,
cropping systems research, or organic agriculture. Therefore,
the objective of this investigation was to evaluate the inﬂu-
ence of different forms of fertilizer and growth retardant on
morpho-physiological traits of mustard (B. campestris cv.
B9) under ﬁeld conditions in an old alluvial soil zone of Burd-
wan, West Bengal, India.
2. Materials and methods
2.1. Plant materials
Seven varieties of mustard (V1 – Malek-2, V2 – Sanjukta, V3 –
B9, V4 – TWC-3, V5 – Panchali, V6 – B54 and V7 – Nathsona)
were used during the ﬁrst year of the present investigation.
Seeds of these varieties were obtained from the Crop Research
and Seed Multiplication Farm of Burdwan University, Burd-
wan, West Bengal, India. All the experimental trials for three
years were conducted in the ﬁelds at Burdwan. The soil was
silty loam in texture, acidic pH (6.6–6.8), moderate to higher
organic carbon (0.708–0.785%) content. The seeds were
soaked in distilled water for 24 h. Seeds were sown separately
in (5 m · 5 m) plots and chemical fertilizer was applied as per
the recommended dose (N:P:K – 100:50:50) given by Director-
ate of Agriculture, Govt. of West Bengal.
In the second and third years, inﬂuence of six different com-
bined doses of chemical and biofertilizers; growth regulator
cycocel and compost on morpho-physiological traits viz., leaf
area index (LAI), leaf area duration (LAD), leaf area ratio
(LAR), crop growth rate (CGR), net assimilation rate
(NAR) and harvest index (HI) of mustard was studied and
the ﬁeld data were analyzed statistically.
The N, P and K were applied in the form of urea, single
super phosphate and muriate of potash (potassium chloride).
We have used pure culture of Azotobacter chrococcum iso-
lated from the rhizospheric soil of rice plants of local crop
ﬁelds of Burdwan District, West Bengal. India. We also used
pure culture of phosphobacter (Bacillus sp.) isolated from the
municipal garbage of Burdwan Town, West Bengal, India.
The strain A. chrococcum were grown on selective hi media
for Azotobacter and the phosphobacter strain (Bacillus sp.)
were grown on Pikovskias medium at 30 C on a shaker incu-
bator at 150 rpm. After 48 h cells were harvested by centrifu-
gation (6000·g for 10 min). Cell pellets were washed twice
with sterile water. Washed cells were mixed with sterilized
charcoal and used as inoculums for the seed treatments in
the ﬁeld trials.
Field experiments with different fertilizers and growth
retardant cycocel:
Treatments 2006–2007 – 1st experiment 2006–2007 – 2nd experiment 2007–2008
T1 Recommended dose of
chemical fertilizer (100:50:50)
CCC – 100 ppm or 0.636 · 103 M Check – without any compost
application
T2 1/2 chemical fertilizer:1/2
biofertilizer
CCC – 200 ppm or 1.273 · 103 M 4.5 m ha1 COMPOST+ 3/4th
chemical fertilizer :1/4th
biofertilizer + CCC – 300 ppm or
1.910 · 103 M
T3 3/4th chemical fertilizer:1/4th
biofertilizer
CCC – 300 ppm or 1.910 · 10–3 M 6.0 m ha1 COMPOST+ 3/4th
chemical fertilizer:1/4th
biofertilizer + CCC – 300 ppm or
1.910 · 10–3 M
T4 3/4th biofertilizer:1/4th
chemical fertilizer
CCC – 400 ppm or 2.547 · 10–3 M 7.5 m ha1 COMPOST+ 3/4th
chemical fertilizer:1/4th
biofertilizer + CCC – 300 ppm or
1.910 · 10–3 M
T5 Recommended dose of
biofertilizer
CCC – 500 ppm or 3.184 · 10–3 M 9.0 m ha1 COMPOST+ 3/4th
chemical fertilizer:1/4th
biofertilizer + CCC – 300 ppm or
1.910 · 10–3 M
T6 Control – without any
chemical fertilizer
Control – without any hormone treatment 10.5 m ha1 COMPOST+ 3/4th
chemical fertilizer:1/4th
biofertilizer + CCC – 300 ppm or
1.910 · 10–3 M
Changes in morpho-physiological traits of mustard 91The treatment combinations were replicated thrice and ar-
ranged in a randomized block design (RBD). Individual plot
size was 5 m · 5 m. Irrigation channels measuring 0.5 m wide
were in between the replications to ensure easy and uninter-
rupted ﬂow of irrigation for each individual plot. The crop
was grown up to maturity stage.
2.2. Parameters studied in the ﬁeld
The observations on morpho-physiological traits, which in-
cluded leaf area index (LAI), leaf area duration (LAD), leaf
area ratio (LAR), crop growth rate (CGR), net assimilation
rate (NAR), harvest index (HI), were recorded at different
stages, i.e., 30 days after sowing (DAS), 45 days after sowing
(DAS), 60 days after sowing (DAS) of crop growth. The crop
exhibited no sign of insect/pest attack and disease incidence;
therefore, no protection measures were adopted. Crop wasTable 1 Leaf area Index (LAI) values of seven mustard varieties
season of 2005–2006.
Varieties Recommended dose of chemical fer
30 DAS
V1 0.387 ± 0.117
V2 0.471 ± 0.037
V3 0.719 ± 0.241
V4 0.591 ± 0.089
V5 0.357 ± 0.047
V6 0.493 ± 0.159
V7 0.235 ± 0.027
SEm (±) 0.069
CD (5%) 1.070
LSD (5%) 0.394
SEm (±) – standard error mean; CD – critical difference at 5% level; LSkept free of weeds by hand hoeing. Crop was harvested man-
ually in the last week of March 2006, 2007 and 2008. Har-
vested crops were sun-dried and threshed manually. Leaf
area was measured with an electronic leaf area meter (LAM
101, Disha Online Pvt. Ltd., Raipur, Chattisgarh, India).
The leaf index was calculated using the formula given by
Watson (1947).
LAI ¼ Leaf area=land area
Leaf area ratio is the ratio of leaf area and total biomass. It
was calculated with the following formula:
LAR ¼ LA=W ðm2 g1Þ
where LA = leaf area in m2 and W= dry weight of plant.
LAD (leaf area duration) was calculated using the follow-
ing formula:
LAD ¼ ðLAI1 þ LAI2Þ  ðt2  t1Þ=2under recommended dose of chemical fertilizer during cropping
tilizer (100:50:50)
45 DAS 60 DAS
0.429 ± 0.032 0.607 ± 0.062
0.635 ± 0.341 0.842 ± 0.119
0.935 ± 0.282 1.006 ± 0.240
0.746 ± 0.102 0.931 ± 0.021
0.537 ± 0.173 0.787 ± 0.235
0.676 ± 0.047 0.885 ± 0.169
0.422 ± 0.131 0.565 ± 0.144
0.092 0.080
1.423 1.243
0.455 0.425
D – least signiﬁcant difference at 5% level.
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92 A. Banerjee et al.where LAI1 and LAI2 are leaf area indices recorded at times t1
and t2, respectively.
The dry weight per plant was calculated and used to esti-
mate crop growth rate (CGR) as proposed by Hunt (1978):
CGR ¼ w2  w1=t2  t1 ðgm2 day1Þ
where w1 and w2 are dry weights (g m
2) at ﬁrst and second
harvests taken at times t1 and t2, respectively.
Net assimilation rate (NAR) was calculated by using the
formula given by Watson (1952):
NAR ¼W2 W1=t2  t1  L2  L1=logL2  logL1gm2 day1
where W2 andW1 are the ﬁnal and initial dry weights of aerial
plant parts per unit area at the times t1 and t2, respectively, and
L2 and L1 are the ﬁnal and initial leaf indices at respective
times.
Harvest index percentage was calculated by using the for-
mula given by Donald and Hamblin (1976)
HI ð%Þ ¼ Economic yield=Biological yield 100
where economic yield refers to the grain yield and biological
yield refers to the both grain yield as well as straw yield includ-
ing root, etc.
2.3. Data analysis
As there were signiﬁcant differences between the three growing
seasons (year), data obtained from three experimental years
were analyzed separately with one way ANOVA analysis.
Analysis of variance (ANOVA) was carried out using PROC
GLM of SAS (SAS Institute, 1997). Mean comparison were
conducted using Fisher’s least signiﬁcant differences (LSD)
test.
3. Results and discussion
3.1. Crop morpho-physiology
The obtained results revealed that leaf area index values varied
signiﬁcantly among the different varieties at all stages of crop
growth during 2006 (Table 1). The data presented in 1 revealed
that greater LAI value shown by variety V3 (B9) in all phases
of crop growth in comparison to other varieties reﬂects greater
light interception by the said variety and minimum rate of light
interception for variety V7 (Nathsona). Greater light intercep-
tion by the variety B9 may have lead toward higher rate of
photosynthesis which contributed signiﬁcantly toward the veg-
etative growth of crop plants of B9 variety leading to higher
LAI value. These ﬁndings are in line with some earlier ﬁndings
in case of soybean crop (Aduloju et al., 2009). Data in Table 2
show that leaf area index was signiﬁcantly increased in all trea-
ted plants at later stages of crop growth (60 DAS) during the
ﬁrst experiment of 2007. Such an increase in LAI value has
been reported by Nuruzzaman et al. (2003) on the basis of their
experiment conducted at the agricultural farm of Bangladesh
Agricultural University with Okra under chemical fertilizer
and bacterial fertilizer application.
The highest leaf area index value was noticed at T3 treat-
ment (3/4th of recommended dose of chemical fertilizer; 1/
4th of recommended dose of biofertilizer). The increase in
Table 3 Leaf area ratio (LAR) values of seven mustard
varieties under recommended dose of chemical fertilizer during
cropping season of 2005–2006.
Variety 2005–2006
30 DAS 45 DAS 60 DAS
V1 0.0191 ± 0.003 0.0054 ± 0.001 0.0029 ± 0.001
V2 0.0195 ± 0.001 0.0054 ± 0.001 0.0037 ± 0.001
V3 0.0318 ± 0.027 0.0074 ± 0.001 0.0047 ± 0.001
V4 0.0202 ± 0.001 0.0068 ± 0.001 0.0046 ± 0.001
V5 0.0187 ± 0.001 0.0057 ± 0.001 0.0036 ± 0.001
V6 0.0197 ± 0.002 0.0064 ± 0.001 0.0044 ± 0.001
V7 0.0158 ± 0.003 0.0050 ± 0.001 0.0027 ± 0.001
SEm (±) 0.006 0.0002 0.0045
CD (5%) 0.093 0.0037 0.0069
LSD (5%) 0.116 0.023 0.031
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
T
a
b
le
4
L
ea
f
a
re
a
ra
ti
o
(L
A
R
)
v
a
lu
es
o
f
m
u
st
a
rd
o
f
m
u
st
a
rd
(B
9
)
u
n
d
er
d
if
fe
re
n
t
tr
ea
tm
en
t
co
m
b
in
a
ti
o
n
s
o
f
b
io
fe
rt
il
iz
er
,
ch
em
ic
a
l
fe
rt
il
iz
er
,
g
ro
w
th
re
ta
rd
a
n
t
a
n
d
co
m
p
o
st
d
u
ri
n
g
cr
o
p
p
in
g
se
a
so
n
o
f
2
0
0
6
–
2
0
0
7
a
n
d
2
0
0
7
–
2
0
0
8
.
T
re
a
tm
en
t
2
0
0
6
–
2
0
0
7
–
1
st
ex
p
2
0
0
6
–
2
0
0
7
–
2
n
d
ex
p
2
0
0
7
–
2
0
0
8
3
0
D
A
S
4
5
D
A
S
6
0
D
A
S
3
0
D
A
S
4
5
D
A
S
6
0
D
A
S
3
0
D
A
S
4
5
D
A
S
6
0
D
A
S
T
1
0
.0
1
6
5
±
0
.0
0
1
0
.0
0
7
2
±
0
.0
0
2
0
.0
0
9
6
±
0
.0
0
1
0
.0
1
1
2
±
0
.0
0
2
0
.0
0
7
1
±
0
.0
0
1
0
.0
0
3
8
±
0
.0
0
2
0
.0
0
4
7
±
0
.0
0
0
4
0
.0
0
6
3
±
0
.0
0
0
7
5
0
.0
0
2
5
±
0
.0
0
0
4
7
T
2
0
.0
1
6
7
±
0
.0
0
1
0
.0
0
7
3
±
0
.0
0
2
0
.0
0
4
7
±
0
.0
0
1
0
.0
1
1
6
±
0
.0
0
2
0
.0
0
7
6
±
0
.0
0
1
0
.0
0
4
5
±
0
.0
0
1
0
.0
0
9
7
±
0
.0
0
7
3
0
.0
0
8
9
±
0
.0
0
2
0
0
.0
0
2
8
±
0
.0
0
0
2
6
T
3
0
.0
1
8
9
±
0
.0
0
4
0
.0
0
8
6
±
0
.0
0
2
0
.0
0
5
9
±
0
.0
0
5
0
.0
1
2
4
±
0
.0
0
2
0
.0
0
8
3
±
0
.0
0
1
0
.0
0
5
9
±
0
.0
0
2
0
.0
1
1
7
±
0
.0
0
6
9
0
.0
0
9
2
±
0
.0
0
2
3
0
.0
0
2
8
±
0
.0
0
0
3
5
T
4
0
.0
1
6
7
±
0
.0
0
1
0
.0
0
7
2
±
0
.0
0
2
0
.0
0
2
7
±
0
.0
0
2
0
.1
1
0
±
0
.0
0
1
0
.0
0
7
1
±
0
.0
0
1
0
.0
0
3
5
±
0
.0
0
1
0
.0
1
1
9
±
0
.0
0
4
6
0
.0
0
9
4
±
0
.0
0
1
1
0
.0
0
3
0
±
0
.0
0
0
1
5
T
5
0
.0
1
6
1
±
0
.0
0
1
0
.0
0
6
4
±
0
.0
0
3
0
.0
0
2
9
±
0
.0
0
1
0
.0
1
0
7
±
0
.0
0
2
0
.0
0
6
8
±
0
.0
0
1
0
.0
0
3
3
±
0
.0
0
1
0
.0
0
8
5
±
0
.0
0
3
0
0
.0
0
7
1
±
0
.0
0
7
5
0
.0
0
2
7
±
0
.0
0
1
4
T
6
0
.0
1
5
3
±
0
.0
0
1
0
.0
0
6
1
±
0
.0
0
1
0
.0
0
2
7
±
0
.0
0
2
0
.0
1
0
3
±
0
.0
0
1
0
.0
0
6
6
±
0
.0
0
1
0
.0
0
3
3
±
0
.0
0
1
0
.0
0
6
9
±
0
.0
0
3
4
0
.0
0
6
6
±
0
.0
0
7
5
0
.0
0
2
7
±
0
.0
0
0
4
S
E
m
(±
)
0
.0
0
1
0
.0
0
0
8
0
.0
0
1
0
.0
0
0
6
0
.0
0
0
3
0
.0
0
0
5
0
.0
0
3
0
.0
0
0
8
0
.0
0
0
4
C
D
(5
%
)
0
.1
5
3
0
.1
1
9
0
.0
3
9
0
.0
2
6
0
.0
7
3
0
.0
8
6
0
.2
2
1
0
.1
1
9
0
.0
7
9
L
S
D
(5
%
)
0
.0
3
9
0
.0
3
1
0
.1
5
2
0
.1
0
2
0
.0
1
9
0
.0
2
2
0
.0
5
7
0
.0
3
0
0
.0
2
0
S
E
m
(±
)
–
st
a
n
d
a
rd
er
ro
r
m
ea
n
;
C
D
–
cr
it
ic
a
l
d
if
fe
re
n
ce
a
t
5
%
le
v
el
;
L
S
D
–
le
a
st
si
g
n
iﬁ
ca
n
t
d
if
fe
re
n
ce
a
t
5
%
le
v
el
.
Changes in morpho-physiological traits of mustard 93LAI value may be attributed toward the stimulating effect of
biofertilizer application which improved the availability of
nutrients and their uptake by crop plants (Saeed et al., 2002)
along with greater amount of light interception by the crop
plants which have contributed toward the vegetative growth
of crop plants under all treatments (Aduloju et al., 2009). Dur-
ing the second experiment of 2007, the LAI value increased in
the initial stage of development of crop i.e., from 30 to 45 DAS
but gradually declined in the later stage of development from
45 to 60 DAS under all treatments of growth retardant cycocel.
With maturity of crop growth, LAI increased due to newly
emerged leaves and then LAI decreased gradually due to leaf
senescence toward the maturity of the crop. Kar et al. (1989)
reported similar results with some other growth regulators like
dikegulac sodium, CCC and SADH in safﬂower plants. As
shown in Table 2, during 2008 the application of compost
along with biofertilizer, chemical fertilizer and growth retar-
dant cycocel signiﬁcantly affected the leaf area index value at
different stages of crop growth. The LAI value showed a
decreasing trend in all the treatments at the initial stage of
development but gradually increased at the time of crop matu-
rity, which might be due to stimulating effect of combined
application of compost, biofertilizer which improved the nutri-
ent availability and their uptake. Our results are therefore con-
sistent with the observations of Gorttappeh et al. (2000), who
reported signiﬁcant inﬂuence of combined application of com-
post, biofertilizer on LAI value of sunﬂower plants.
The effect of varietal performance as well as different forms
of fertilizers along with growth retardant cycocel on leaf area
ratio at different growth stages at three successive cropping
seasons is presented in Tables 3 and 4. LAR indicates how a
system is efﬁcient in growth and in broad sense and reﬂects
the ratio of photosynthesizing to respiring material within
the plant. The results showed signiﬁcant variation on 45
DAS and 60 DAS and therefore reﬂecting the signiﬁcant var-
iation in the metabolic processes of the seven studied varieties
at later stages of crop growth. The revealed values indicated
that leaf area ratio was signiﬁcantly affected by applied treat-
ments at all sampling occasions in both seasons of 2007 and
2008. The LAR value showed a declining trend in various
stages of crop growth (30 DAS–45 DAS–60 DAS) in all the
treatments under the ﬁeld trials of 2006–2007 and 2007–
Table 5 Leaf Area Duration (LAD) of seven mustard
varieties under recommended dose of chemical fertilizer during
cropping season of 2005–2006.
Variety 2005–2006
30–45 DAS 45–60 DAS
V1 6.935 ± 2.140 8.586 ± 1.700
V2 8.784 ± 1.545 10.209 ± 0.091
V3 12.410 ± 3.267 17.267 ± 7.989
V4 9.201 ± 2.907 12.315 ± 3.917
V5 5.851 ± 0.639 8.923 ± 2.045
V6 9.131 ± 0.796 11.392 ± 2.069
V7 4.982 ± 0.209 8.270 ± 1.916
SEm (±) 0.906 1.470
CD (5%) 13.999 22.701
LSD (5%) 1.427 1.817
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
Table 7 Crop growth rate (CGR) values of seven mustard
varieties under recommended dose of chemical fertilizer during
cropping season of 2005–2006.
Variety 2005–2006
30–45 DAS 45–60 DAS
V1 0.679 ± 0.075 0.883 ± 0.543
V2 0.927 ± 0.188 1.223 ± 0.459
V3 1.506 ± 0.775 2.502 ± 0.148
V4 1.285 ± 0.301 1.797 ± 0.716
V5 0.754 ± 0.247 1.035 ± 0.140
V6 0.981 ± 0.180 1.765 ± 0.478
V7 0.568 ± 0.081 0.265 ± 0.175
SEm (±) 0.156 0.241
CD (5%) 2.422 3.727
LSD (5%) 0.593 0.736
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
94 A. Banerjee et al.2008. From the observed value of LAR it was found that LAR
sharply declines on 45 DAS and 60 DAS in comparison to 30
DAS which might be attributed toward maximum growth and
development of crop plants at later stages of maturity. There-
fore, maximum biomass was deposited in the shoot and
branches of the studied B9 mustard variety of this investiga-
tion. The LAR value was found non-signiﬁcant for the ﬁrst
ﬁeld trial of 2006 and 2007 and signiﬁcant for the second ﬁeld
trial of 2006–2007 from 45 DAS onward which indicates that
different combined dose of biofertilizer, chemical fertilizer,
compost did not showed signiﬁcant inﬂuence on the metabolic
processes of the experimental mustard variety under such agro-
climatic condition. During the second ﬁeld trial of 2006–2007
the different graded dose of growth retardant cycocel signiﬁ-
cantly inﬂuenced the metabolic process of the particular mus-
tard variety.
The data presented in Tables 5 and 6 reveal that genetic po-
tential of the variety along with applying different combined
application of biofertilizer, chemical fertilizer, compost and
growth retardant cycocel on leaf area duration (LAD) had sig-
niﬁcant effect on both the seasons of 2007 and 2008. LAD can
be deﬁned as a measure of the ability of plant to produce and
maintain leaf area and its whole opportunity for assimilation.Table 6 Leaf area duration (LAD) values of mustard of mustard (B
fertilizer, growth retardant and compost during cropping season of
Treatment 2006–2007 – 1st exp 2006–2007 –
30–45 DAS 45–60 DAS 30–45 DAS
T1 3.616 ± 0.532 5.902 ± 0.102 4.924 ± 0.47
T2 4.147 ± 0.267 6.471 ± 1.055 4.851 ± 0.51
T3 4.610 ± 1.827 7.069 ± 2.297 5.372 ± 0.96
T4 3.418 ± 1.403 5.456 ± 3.109 4.705 ± 1.28
T5 3.364 ± 0.308 4.383 ± 1.054 4.305 ± 0.63
T6 3.418 ± 1.403 4.144 ± 2.049 4.022 ± 0.63
SEm (±) 0.540 1.161 0.468
CD (5%) 2.966 4.348 2.760
LSD (5%) 0.773 1.133 0.719
SEm (±) – standard error mean; CD – critical difference at 5% level; L(Watson, 1947) The results revealed that LAD values showed
signiﬁcant level of variation among the varieties during 2006.
The enhanced rate of LAD from 30–45 DAS to 45–60 DAS
may be attributed toward higher rate of dry matter accumula-
tion by the crop plants under various treatments of biofertiliz-
er, growth retardant cycocel, compost and chemical fertilizer
at both the seasons of 2007 and 2008.
The present study showed that, the varietal performance
and application of different combination of biofertilizers,
chemical fertilizers, compost and growth retardant cycocel sig-
niﬁcantly affected the crop growth rate by different treatments
at three successive seasons of 2006, 2007, 2008 (Tables 7 and
8). CGR is a simple and important index of agricultural pro-
ductivity on rate of dry matter production. Some earlier works
(Shibles and Weber, 1966) reported that optimum crop growth
rate is achieved when the LAI is large to intercept 95% of sun’s
light. Greater light interception stimulates CGR which in turn
increases TDM and LAI. Greater LAI causes higher light
interception which further enhances CGR and thus results in
higher yield. In the current investigation our ﬁndings were also
similar with the earlier ﬁndings. In all the ﬁeld trials of 2006–
2007 and 2007–2008 the CGR value showed an increasing
trend at different stages of growth. Higher CGR values were
recorded for treatments with higher LAI values which may9) under different treatment combinations of bioferlizer, chemical
2006–2007 and 2007–2008.
2nd exp 2007–2008
45–60 DAS 30–45 DAS 45–60 DAS
9 5.289 ± 1.159 8.225 ± 0.799 9.593 ± 1.439
8 6.001 ± 0.803 10.421 ± 1.935 10.959 ± 2.084
9 6.150 ± 2.569 10.488 ± 3.025 11.294 ± 0.385
4 5.761 ± 1.540 10.553 ± 2.360 12.276 ± 1.987
9 4.809 ± 2.592 8.428 ± 2.521 9.937 ± 2.837
9 4.008 ± 2.001 8.318 ± 0.885 9.906 ± 2.666
1.191 0.752 1.022
4.403 3.499 4.079
1.147 0.911 1.063
SD – least signiﬁcant difference at 5% level.
Table 8 Crop growth rate (CGR) values of mustard of mustard (B9) under different treatment combinations of bioferlizer, chemical
fertilizer, growth retardant and compost during cropping season of 2006–2007 and 2007–2008.
Treatment 2006–07 – 1st exp 2006–07 – 2nd exp 2007–2008
30–45 DAS 45–60 DAS 30–45 DAS 45–60 DAS 30–45 DAS 45–60 DAS
T1 0.381 ± 0.088 1.257 ± 0.406 0.504 ± 0.157 0.923 ± 0.356 0.135 ± 0.101 0.959 ± 0.227
T2 0.442 ± 0.107 1.498 ± 0.635 0.522 ± 0.257 0.948 ± 0.214 0.234 ± 0.037 1.159 ± 0.065
T3 0.502 ± 0.106 3.133 ± 2.042 0.761 ± 0.309 0.998 ± 0.273 0.267 ± 0.074 1.568 ± 0.389
T4 0.425 ± 0.178 1.1955 ± 0.719 0.514 ± 0.098 0.643 ± 0.178 0.408 ± 0.102 1.595 ± 0.528
T5 0.807 ± 0.046 1.0784 ± 0.880 0.458 ± 0.080 0.573 ± 0.319 0.182 ± 0.236 1.444 ± 0.075
T6 0.299 ± 0.101 1.033 ± 0.234 0.456 ± 0.260 0.410 ± 0.429 0.179 ± 0.109 1.363 ± 0.912
SEm (±) 0.169 0.562 0.083 0.108 0.071 0.218
CD (5%) 1.064 3.024 1.167 1.329 1.075 1.885
LSD (5%) 0.277 0.788 0.304 0.346 0.280 0.491
SEm (±) – standard error mean; CD – critical difference at 5% level; LSD – least signiﬁcant difference at 5% level.
Table 9 Net assimilation rate (NAR) values of seven mustard
varieties under recommended dose of chemical fertilizer during
cropping season of 2005–2006.
Variety 2005–2006
30–45 DAS 45–60 DAS
V1 0.0005 ± 0.0001 0.00023 ± 0.0001
V2 0.0006 ± 0.0001 0.00071 ± 0.0001
V3 0.0014 ± 0.001 0.00433 ± 0.006
V4 0.0008 ± 0.0001 0.00077 ± 0.0001
V5 0.0005 ± 0.0006 0.00048 ± 0.0001
V6 0.0006 ± 0.0001 0.00052 ± 0.0001
V7 0.0004 ± 0.0001 0.00012 ± 0.0001
SEm (±) 0.003 0.001
CD (5%) 0.005 0.022
LSD (5%) 0.027 0.056
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
Table 11 Harvest Index values (HI) values of seven mustard
varieties under recommended dose of chemical fertilizer during
cropping season of 2005–2006.
Variety Harvest index (%)
V1 25.013 ± 19.555
V2 28.529 ± 3.452
V3 49.15 ± 5.819
V4 46.301 ± 6.719
V5 24.224 ± 8.605
V6 34.892 ± 6.953
V7 18.019 ± 1.629
SEm (±) 5.140
CD (5%) 79.347
LSD (5%) 3.398
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
Changes in morpho-physiological traits of mustard 95be due to higher light interception by leaves followed by higher
photosynthesis and accumulation of more photosynthates.
These results are in conformity with the experimental results
of Ries and Wert (1977), Menon and Srivastava (1989) and Te-
sar (1984).
The net assimilation rate (NAR) was signiﬁcantly affected
by the varietal performance along with different combinedTable 10 Net assimilation rate (NAR) values of mustard of must
chemical fertilizer, growth retardant and compost during cropping s
Treatment 2006–07 – 1st exp 2006–07 – 2nd ex
30–45 DAS 45–60 DAS 30–45 DAS
T1 0.0064 ± 0.0001 0.00097 ± 0.0003 0.000522 ± 0.000
T2 0.0064 ± 0.0001 0.00098 ± 0.0004 0.000594 ± 0.000
T3 0.00078 ± 0.0005 0.00147 ± 0.0011 0.0031 ± 0.00023
T4 0.00052 ± 0.0001 0.00098 ± 0.0004 0.00575 ± 0.0002
T5 0.00056 ± 0.0001 0.00093 ± 0.0009 0.000508 ± 0.000
T6 0.00045 ± 0.0001 0.00063 ± 0.0001 0.000499 ± 0.000
SEm (±) 0.0001 0.0004 0.001
CD (5%) 0.049 0.078 0.130
LSD (5%) 0.013 0.020 0.033
SEm (±) – standard error mean; CD – critical difference at 5% level; LSapplication of biofertilizer, chemical fertilizer, compost and
growth retardant cycocel (Tables 9 and 10). NAR is related
to photosynthetic activities of leaf, i.e., rate of increase in
dry weight of whole plant per unit leaf area. Results reveal that
NAR values were non-signiﬁcant for both the stages of crop
growth. There is a considerable amount of variation in the
NAR values of the seven mustard varieties in the later stages
of crop growth which may be due to the formation of siliquaeard (B9) under different treatment combinations of bioferlizer,
eason of 2006–2007 and 2007–2008.
p 2007–08
45–60 DAS 30–45 DAS 45–60 DAS
17 0.00042 ± 0.0003 0.00017 ± 0.0002 0.00073 ± 0.0001
19 0.00241 ± 0.0032 0.00044 ± 0.0004 0.00092 ± 0.0003
0.00328 ± 0.0049 0.00062 ± 0.0008 0.00097 ± 0.0008
0 0.00622 ± 0.00025 0.0011 ± 0.0013 0.00012 ± 0.0002
10 0.000329 ± 0.00020 0.00034 ± 0.0001 0.00086 ± 0.0001
21 0.000216 ± 0.00031 0.00022 ± 0.0001 0.00075 ± 0.0001
0.001 0.0004 0.0002
0.139 0.078 0.058
0.036 0.020 0.015
D – least signiﬁcant difference at 5% level.
Table 12 Harvest index values (HI) values of mustard (B9)
under different treatment combinations of bioferlizer, chemical
fertilizer, growth retardant and compost during cropping
season of 2006–2007 and 2007–2008.
Treatment Harvest index (%)
2006–2007
– 1st exp
2006–2007
– 2nd exp
2007–2008
T1 39.147 ± 4.899 31.65 ± 11.88 27.01 ± 7.837
T2 42.973 ± 9.818 31.99 ± 9.27 29.82 ± 3.440
T3 44.62 ± 3.703 36.766 ± 4.71 27.82 ± 0.462
T4 41.62 ± 1.794 31.506 ± 5.95 31.90 ± 1.918
T5 37.11 ± 0.720 31.3 ± 5.92 29.52 ± 3.948
T6 31.42 ± 5.261 28.67 ± 2.52 30.60 ± 11.513
SEm (±) 2.827 4.223 3.430
CD (5%) 6.784 8.291 7.472
LSD (5%) 1.768 2.160 1.946
SEm (±) – standard error mean; CD – critical difference at 5%
level; LSD – least signiﬁcant difference at 5% level.
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ward the vegetative growth of crop plants. Also, during the
crop maturity (at siliquae formation stage) the rate of photo-
synthesis in leaves decreases and in siliquae increases (Chango
and Velly, 2001). Therefore the yield attributes increase and
non-signiﬁcant NAR values were obtained in our present
investigation. Our ﬁndings corroborates with some earlier
works (Miri, 2007). There is a considerable amount of varia-
tion in the NAR values in case of the different treatments of
the two ﬁeld trials of 2007. These variations in the NAR value
may be attributed toward the formation of siliquae that led to
differential rate of supply of photo assimilate toward the veg-
etative growth of crop plants. Also during crop maturity (at
siliquae formation stage) the rate of photosynthesis in leaves
decreases and in siliquae increases as reported by Chango
and Velly (2001). These results are in conformity with the
experimental results of Miri (2007). During 2008 , there is a
steady increase in NAR value at the later stages of crop devel-
opment which may be attributed toward higher nutrient avail-
ability to crop plants in the presence of compost, biofertilizer
and chemical fertilizer which caused more cell elongation ,
shoot and root development which lead to the progressive
development of the CGR and NAR. Our ﬁndings corroborate
with Shukla and Warsi (2000).
The results summarized in Tables 11 and 12 revealed that
varietal performance and different combined application of
different fertilizers and growth retardant cycocel signiﬁcantly
inﬂuenced harvest index during the three cropping seasons un-
der the present study. Harvest index (HI) refers to % ratio of
economic and biological yield of a crop. In the current inves-
tigation there is considerable variation in the harvest index va-
lue among the seven varieties. This is due to variable rate of
translocation of assimilate toward grain development, leading
to variability in yield and HI value among the seven mustard
varieties (Terao et al., 1997). In the current investigation there
is considerable variation in the harvest index value among the
different treatments of all ﬁeld trials of 2007 and 2008 which
may be attributed toward the variable rate of translocation
of assimilate toward grain development , leading to variability
in harvest index value.4. Conclusion
The results revealed that combined application of chemical fer-
tilizer, biofertilizer, compost along with growth retardant
cycocel affected crop morpho-physiological traits under less
environmental pollution with lesser use of nitrogenous and
phosphatic chemical fertilizer at all sampling locations. Com-
bined application of different fertilizers along with growth
retardant has enhanced leaf area index, CGR, NAR, and bio-
mass of mustard crop plants. Efﬁcient utilization of applied in-
puts in a particular set of environments is reﬂected by crop
growth rate and net assimilation rate which are in fact the gain
in weight of community of plants per unit of land and time.
Results also revealed that various combinations of organic
and inorganic fertilizers signiﬁcantly affected the crop growth
rate (CGR) and net assimilation rate (NAR) of mustard dur-
ing both years of 2006–2007 and 2007–2008 leading to higher
productivity.Acknowledgements
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